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We investigate the relationship between several previously identified Galactic 
halo stellar structures in the direction of Virgo using imaging and spectroscopic 
observations of F turnoff stars and blue horizontal branch stars from the Sloan 
Digital Sky Survey (SDSS) and the Sloan Extension for Galactic Understanding 
and Exploration (SEGUE). We show that the Sagittarius dwarf leading tidal tail 
does not pass through the solar neighborhood; it misses the Sun by more than 15 
kpc, passing through the Galactic plane outside the Solar Circle. It also is not 
spatially coincident with the large stellar overdensity S297+63-20.5 in the Virgo 
constellation. S297+63-20.5 has a distinct turnoff color and kinematics. Faint 
{go ~ 20.3) turnoff stars in S297+63-20.5 have line-of-sight, Galactic standard of 
rest velocities Vgsr = 130 ± 10 km s"^, opposite in sign to infalling Sgr tail stars. 
The path of the Sgr leading tidal tail is also inconsistent with the positions of some 
of the nearer stars with which it has been associated, and whose velocities have 
favored models with prolate Milky Way potentials. We additionally show that 
the number densities of brighter {qq ~ 19.8) F turnoff stars are not symmetric 
about the Galactic center, and that this discrepancy is not primarily due to 
the S297+63-20.5 moving group. Either the spheroid is asymmetric about the 
Galactic center, or there are additional substructures that conspire to be on 
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the same side of the Galaxy as S297+63-20.5. The S297+63-20.5 overdensity in 
Virgo is hkely associated with two other previously identified Virgo substructures: 
the Virgo Stellar Stream (VSS) and the Virgo Overdensity (VOD). However, 
the velocity difference between the VSS and S297+63-20.5 and the difference in 
distance estimates between the VOD and S297+63-20.5 must be reconciled. 

Subject headings: Galaxy: structure — Galaxy: halo — galaxies: individual - 
Sagittarius 



1. Introduction 



A number of studies have noted that there are more spheroid stars in the Virgo constel- 
lation than were expected from smooth spatial models of the spheroid sta r density. The first 
indication of spheroid substructure in this region of the sky came from the IVivas et al.l (120011 ) 
discovery of five excess RR Lyrae stars from Quasar Equatorial Survey Team (QUEST) sur- 
vey data. Although a small number, it was a significant overdensity in a small area. The 
QUEST collaboration later identified an excess of 23 RR Lyrae variables with this clump. 
These RR Lyrae stars have apparent magnitudes 16.5 < Vq < 17.5, and are within the Galac- 
tic coordinates 279° < / < 317°, 60° < h < 63°. The collaboration later dubbed this feature 
the "12^.4 Clu nip" (IZinn et al.l 120041) . Subsequent spectra of the RR Lyraes and BHB stars 
in this clump (jPuffau et al.l l2006l ) revealed a moving group at (RA, DEC) = (186°, —1°) 



with a line-of-sight. Galactic standard of rest velocity of Vgsr = 99.8 km s~^ and a distance 
of 19 kpc from the Sun. They suggest that this moving group be called the Virgo Stellar 
Stream (VSS). 

The existence of an overden sity of stars in t he ste llar spheroid near (/, h) = (297°, 63°) 
was independently confirmed by iNewberg et al.l (120021 ) using measurements of blue turnoff 
stars from the Sloan Digital Sky Survey (SDSS; York et al. 2000), and identified as S297-I-63- 
20.50 The estimated distance of this structure from the Sun, calculated from go = 20.5 
turnoff stars, is rsun = 18 kpc, but the color-magnitude diagram of this region does not have 
a tight main sequence, indicating that the structure is likely to be dispersed in distance. This 
overdensity appears to match the position of the "12^.4 Clump" , but is somewhat offset from 
the VSS, which is at {l,b) = (288°, 62°). 



Newberg et al. ( 2002h this structure was incorrectly labeled 297+63-20. The "S" signifies stream (or 



substructure), followed by the Galactic longitude, then Galactic latitude, and the apparent magnitude of the 
reddening corrected go turnoff. In the present paper we correct the name to be S297+63-20.5; both names 
will refer to the same overdensity of stars. 
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Because the mapping between the physical structure on the sky and its nomenclature 
in the literature for the apparent excess in the number of spheroid stars in the Virgo constel- 
lation is unclear, we will refrain for now from identifying the S297+63-20.5 stars with the 
VSS, though they are at about the same distance and position in the sky. We will return to 
the question of which named spheroid structures are related to each other in the discussion 
section of this paper. 



Majewski et al.l (120031 ) also identify a structure in Virgo using the stellar catalogs from 



the 2MASS survey, and connect it to "M giants tens of kiloparsecs above the Galactic 
plane that are in the heart of the descending, foreshortened northern loop," which is their 
terminology for the leading tidal tail of the Sgr dwarf galaxy. Any overdensity in this part 
of the sky is close to the orbital plane of the Sgr dwarf galaxy, and might be related to the 
Sgr dwarf tidal debris. Later papers, for example iLaw. Johnston, fc Majewskil (120051 ) . show 
both the leading and trailing tidal tails of the Sgr dwarf looping around through a similar 
position on the sky, near the identified overdensities in Virgo, before passing through the 
Galactic plane very close to the Sun. Since the Sagittarius tidal tails are quite prominent 
in the spheroid, and the observed overdensity or overdensities in the Virgo region are near 
the orbital plane of the Sagittarius dwarf, a connection between these structures is worthy 
of exploration. 



Juric et al.l (120061 ) identify a large overdensity (the Virgo Overdensity, VOD) in the 
Virgo constellation, which may or may not be related to the previously named substructures. 
Using photometric parallaxes for a large number of SDSS stars, they show that this large 
overdensity is ~ 5 — 15 kpc above the plane and covers 1000 sq. deg. of sky. They detect no 
downturn in the star counts toward lower Galactic latitudes, indicating that the structure 
could continue further into the Galactic plane than the SDSS observations probe. At that 
time the SPSS h ad not yet probed Galactic latitudes lower than about 60° near / = 300°. 
Juric et al.l (120061 ) interpret the overdensity as a significant spheroid substructure that might 
be an invading dwarf galaxy. The estimated distance to the VOD is smaller than the distance 
to the VSS or S297+63-20.5. It is unclear whether the nearer distance is real, or if distance 
uncertainties are large enough that the VOD, VSS, and S297+63-20.5 could describe the 
same physical structure. In §2 and §3 of this paper we will discuss S297+63-20.5 only; the 
relationship of this overdensity to the VOD and VSS will be deferred to the discussion. 



More recently, iMartinez-Delgado et al.l (120061 ) suggest that the invading dwarf galaxy 
might be the Sgr dwarf galaxy leading tidal tail, and show that the lLaw. Johnston, fc Majewski 
( I2OO5I ) model passes through the observed location of the VOD, and that the stellar density 
of the VOD is similar to the model predictions. They suggest that if the Sgr dwarf tidal 
stream passes through the solar neighborhood, it will be detected as an excess of stars with 
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negative radial velocities in the northern Galactic hemisphere. This paper treats the VOD 
as a separate entity from the VSS, but located in a similar position in space. The VOD is 
described by these authors as likely to be associated with the Sgr leading arm, and there- 
fore infalling, and the VSS is a group of stars nearly coincident in sky position, but with a 
different vertical and kinematic structure. 

Because the Sgr dwarf galaxy tidal tails can help constrain the shape of gravitational 
potential of the Milky Way and its dark matter halo, they are the topic of considerable 
study, independent from their possible connection with the observed overdensity in Virgo. 
One can in principle, by building ever more sophisticated equipment, know the position and 
velocity of every star in the Milky Way. Stars in tidal streams are the only stars which one 
can even in principle know about their positions and velocities in the past. Stars in tidal 
streams all resided, at one time in the past, in the progenitor satellite dwarf galaxy or star 
cluster. It is this property of tidal streams that allows us to use them to constrain the Milky 
Way potential. 

Because the Sgr dwarf tidal tails are the most prominent tidal debris in the spheroid, and 
because the Sgr dwarf orbital plane is approximately perpendicular to the Galactic plane, 
observations of the Sgr tidal debris potentially provide a strong indication of the shape of the 
gravitational potential surrounding the Milky Way. Interestingly, a comparison of disruption 
models with stellar positions and velocities in the Sgr tidal tails has produced a contradictory 



result. The leading and trailing Sgr tidal tails do not lie on the same plane (iNewberg et al. 



20031 ): they are tilted in opposite directions with respect to the orbit al plane of the Sgr dwarf 



galaxy. Their tilt suggests that the G alactic potential is oblate (IMartinez-Delgado et al. 



2OO4J : I Johnston. Law fc Majewskil l2005l : iLaw. Johnston, fc Majewskil |2005| ). However, the 
radial velocities of what appear to be some leading tidal t ail stars can only be fit to disruptio n 
models with prolate Galactic potentials (IHelmil l2004l : iLaw. Johnston, fc Majewskil |2005| ). 
The leading tidal tail stars that are not compatible with oblate Galactic potentials are near 
the various identified substructures in Virgo. 

One must consider the possibility that the Milky Way potential is more complex than 



the m odels, or that some Sgr leading tidal tail stars might be misidentified. iMonaco et al. 



(I2OO6I ) seems to suggest the latter. Figure 3 of their paper shows radial velocities for leading 



tidal tail debris that has Vgsr measurements like those of an oblate dark matter halo, and 
stars with Vg,^r ~ —75 km s~^ that they interp ret as arising from an ancient episode of tidal 



stripping. iLaw. Johnston, fc Majewskil (120051 ). however, show the leading tidal stream from 
Sgr transitioning seamlessly into a clump of stars with Vgsr ~ —100 km s~^. It is this latter 
clump of Sgr leading tidal tail stars that can only be fit with a prolate halo model. The 
data in both papers come from 2MASS selected M giants, and the velocity dispersions of the 
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stars in the vicinity of the Virgo constellation, with Vgsr ~ —100 km s ^, are much larger 
than other places along the tidal debris stream. 

Another complication that potentially blurs our understanding of the nature and extent 
of the overdensity (or overdensities) in Virgo is the suggestion that the smooth populatio n 



of stars in the spheroid might be triaxial (INewberg fc Yannyll2005l . l2006l : ISavage et al.ll2006l ). 



A triaxial spheroid can produce a stellar density that is not symmetric around the center of 
the Galaxy, as viewed from our vantage point near the Sun. This idea was proposed because 
several authors see more spheroid stars in quadrant IV (270° < / < 360°) than we see in 
quadrant I (0° < / < 90°), and because the lo west density of spheroid stars appears to be at 



a Galactic longitude slightly less than 180° (INewberg fc Yannyll2006l ). A triaxial spheroid 



might explain how an overdensity could cover a large region of the sky and not immediately 
disperse; the overdensity in Virgo might be partially co mposed of an increa s ed den sity of 



spheroid stars from the smooth component. Figure 3 of INewberg fc Yannyl (120061 ) shows 
that no model has been found that completely accounts for the observed overdensity of stars 
near S297+63-20.5, so although a triaxial spheroid might fit the tails of an overdensity in 
Virgo, we would still expect to find a more spatially concentrated component of tidal debris 
with coherent velocities. 

A key distinction between explaining an asymmetry with a 'local' stream vs. a 'global' 
structure such as a triaxial spheroid is the difference in observed velocity dispersion of mem- 
ber stars. Stars in a stream must have a relatively small velocity dispersion {a < 30kms~^), 
given the origin of the stream and given the fact that stream remains coherent as it moves 
through the Galaxy's potential. On the other hand, a triaxial spheroid structure in the halo 
may have a very large velocity dispersion {a ~ lOOkms"^), but evidence for its member 
stars will be spread around the whole of the halo. 

In this paper we attempt to disentangle the components of the spheroid substructure in 
Virgo using SDSS photometry of Blue Horizontal Branch (BHB) and F turnoff stars to build 
density maps of the tidal streams and the stellar spheroid itself. We show that the Sgr dwarf 
leading tidal tail, which is in the North Galactic Cap, arcs over (farther from the Galactic 
plane) the S297-I-63-20.5 overdensity, and over the position of the Sun in the Galactic plane. 
If one extrapolates the path of the Sgr leading tidal tail below b = 30°, it passes through 
the Galactic plane 15 kpc or more outside the Solar Circle. This calls into question both the 
identification of S297+63-20.5 stars with the Sgr leading tidal tail and the identity of the M 
giant stars identified with the leading tidal tail of Sagittarius that have velocities in conflict 
with oblate models of the Galactic potential. 

We show that there is a clear peak in the density of 20 < f^o < 21 F turnoff stars near 
(/, b) = (300°, 60°) that is at least 20° across, but the total extent on the sky and distance 
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range cannot be constrained by photometry alone. The densities of F turnoff stars over a four 
magnitude range (18.5 < Qq < 22.5) are not consistent with an axisymmetric spheroid. If 
the absolute magnitude range of the F turnoff stars is 1.5 magnitudes, the spread in distance 
is a factor of 3, or in this case 10-32 kpc. In every direction that we probe at these implied 
distances, there are more stars in quadrants III & IV than there are in the symmetric position 
(with the same Galactic latitude but with longitude Isymmetric = 360° — I) in quadrants II & 
I. If the spheroid is axisymmetric, then the number counts should differ only where there is 
a significant tidal substructure. Either there is an enormous substructure centered in Virgo 
but covering a large fraction of the Galaxy or the smooth portion of the spheroid is not 
axisymmetric. 

We then measure the velocities of the F turnoff stars associated with S297+63-20.5 
and find that their line-of-sight. Galactic center of rest velocity is Vgsr = 130 ± 10 km s^^. 
Throughout this paper, the symbol Vgsr will refer to the line-of-sight component of the 
velocity, as determined from radial velocity, transformed to the Galactic standard o f rest. 



using a Solar motion of {vx,vy,vz) = (10,225,7) km s~^ (jPehnen fc Binneyl Il998l ). The 
measured Vgsr is not consistent with the leading tidal tail of Sgr, which has negative Vgsr, 
in support of our claim that S297-I-63-20.5 is not spatially coincident with the Sgr stream. 
This velocity is significantly higher than the measured Vgsr for the VSS, but not so different 
that the two structures could not be related in some way. 

In the direction (/, b) = (300°, 55°), we see evidence for peaks with Vgsr = — 76±10kms^^ 
and Vgsr = —168 ±10 km s~^. The first of the two peaks appears to have a bluer turnoff 
than the latter peak, and could potentially be related to the 2MASS M giant stars that have 
previously been assigned to the Sgr leading tidal tail. 



2. Spheroid Substructure from SDSS Photometry 



Yannv et all (120001 ) . iNewberg et al.l fl2002[ ). and iNewberg et al.l fl2003f ) show that both 



the leading and trailing tails of the Sgr dwarf spheroidal galaxy can be traced in SDSS color- 
selected BHB and F turnoff stars. Since this work, much more SDSS data have become 
available, covering nearly the entire North Galactic Cap. We will use the BHB and F 
turnoff stars in these data to trace the Sagittarius dwarf galaxy tidal tails, and explore their 
connection with the S297+6 3-20.5 overdensity in Virgo. The data presented i n this paper 
come from the SDSS DR5 JVork et all I2OO0I : kdelman-McCarthv et aD l2007h plus about 
200 square degrees of imaging data from SDSS II that fills in the gap in DR5 photometry 
near the Galactic pole (to be released as part of SDSS- II DR6). We will be analyzing 
ugriz photometry (IFukugita et al.lll996l ; ISmith et al.ll2002l ) of 8500 sq. degrees in the North 
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Gal actic Cap. Detail s of th e SDSS survey geometry may be found in lStoughton et al.l (|2001l) 



andlAbazaiian et al.l ( 20031 ) . Other SP S S technical informa t ion ca n be found in: iGunii et al. 



fll998h. iHogg et al. (1200 ih . IPier et all fl2002[ ). Ilvezic et al.l (120041 ) . iGunn et al.l tOO& \. and 



Tucker et all tOQ& \. 



2.1. BHB stars - Tracing the Sgr Tidal Tails 



Blue Horizontal Branch (BHB) stars are important for tracing spheroid structure be- 
cause they are intrinsically bright and because they are all approximately the same absolute 
magnitude so their distances can be estimated from apparent magnitudes to create a three 
dimensional picture of the spheroid. BHB stars are typically found in older stellar popula- 
tions such as are found in the spheroid, but are not found in all old populations. Even in 
the spheroid, there are a significant number of high surface gravity stars with colors that 
suggest a spectral type of A. These stars are either blue stragglers or young stars that have 
been stripped from a star-forming region such as a dwarf galaxy, and are approximately two 
magnitudes fainter than BHB stars. From SDSS photometry we can select stars with colors 
consistent with spectral type A, and then we further divide this sample into the stars whose 
photometry is more consistent with high surface gravity and the stars whose photometry is 
more consistent with a BHB star. The photometric separation of A stars by surface gravity 
is not perfect, but is good enough to reveal important spheroid substructures. 

Photometricall y selected A - colore d stars were chosen from the SDSS database in a 
similar manner to lYanny et al.l (120001 ). The stars were selected by the criteria: "PRI- 
MARY," which eliminates duplicates, classified as "STAR" because the point-spread func- 
tion was consistent with a point source, and having colors —0.3 < {g — r)o < 0.0, and 
0.8 < (u — q)n < 1.5. The subsc r ipt '(3 ' indicates that the magnitudes were corrected by 



the ISchlegel. Finkbeiner. fc David (119981 ) reddening as implemented for SDSS Data Release 
5 (DR5; Adelman et al. 2007). This correction is appropriate given the large distance of the 
BHB stars. We further separate higher surface gravity blue straggler (BS) stars from the 
lower surface gravi t y blu e horizontal branch stars using the color selection criteria of Figure 
10 in lYannv et aP J2000h . 



Fig. [T] shows the spatial positions of the BHB stars in the plane of the Sgr dwarf orbit, 
under the assumption that all of the stars have absolute magnitude Mg^ = 0.7 (lYanny et al. 



2000|). We selected only BHB sta rs whose projected pos ition was within 15 kpc of the Sgr 
dwarf orbital plane, as defined in iMajewski et al.l (120031 ) . and rejected all stars within 0.2° 
of the globular clusters M53, NGC 5053, NGC 4147, and NGC 5466. The Xsgr,gc and 
YsGR,GC coordinates are in the Sgr orbital plane, and the Galactic plane is at Ysgr,gc = 0. 
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One can faintly see the newly discovered Bootes dwarf galaxy (Belokurov et al. 2006b) 
near {Xf^gRgc YciaRn c) = (10, —55) kpc. This figure can be compared with Figure 11 of 
Majewski et al.l (120031 ) . which is reproduced in Fig. IHof this paper, and shows the positions 
of 2MASS selected M giant stars in the Sgr tidal tails. 

In Fig. [H one can clearly see the leading tidal tail of the Sgr dwarf tidal stream, 30-40 
kpc above the Galactic plane. A piece of the trailing tidal tail is in the upper left corner. 
The center of the leading tidal tail appears to arc over the solar position, and to descend 
outside the solar circle if one extrapolates the trajectory down toward the plane. The stars 
in Sgr stream directly over the Sun in Fig. [1] appear to be in a very broad region of the 
sky, which is not consistent with r esults of models of Sgr tidal debris, for example those of 
Law. Johnston, fc Majewski! (120051 ). Since we have not surveyed the entire volume within 
15 kpc of the Sgr dwarf orbital plane, there are non-trivial selection effects near the edges 
of the data, which in particular make it difficult to study the structure within 20 kpc of the 
Sun in this figure. The leading tidal tail appears unexpectedly broad in this projection as it 
arcs over the Sun, and the extrapolation of the leading tidal tail toward the Galactic plane 
is somewhat ambiguous. 

Since viewing the data in the observed (magnitude) rather the derived (distance) space 
often yields higher contrast on any structures present in the halo, we show in Figure [2] the 
go magnitude vs. A© angular position along the Sgr tidal stream, separately for BHB and 
BS stars within 15 kpc of the Sgr dwarf orbital plane. The left panel contains the same 
stars as Fig. [T], but in apparent magnitude versus angle along the Sgr orbit. The angle Aq is 
measured from the center of the Sgr dwarf gal axy, as viewed f r om th e Sun, back along the 
direction of the trailing tidal tail, as defined by lMajewski et al.l (120031 ). This is the longitude 
part of a {Aq, Bq) system in which the equator is rotated to line up with the Sgr dwarf 
orbital plane. 

A comparison of the left and right panels shows that the BHB/BS separation is quite 
good but not perfect. Very few of the BHB stars in the leading tidal tail of Sgr are present in 
the right panel showing high surface gravity (blue straggler) stars. We have not analyzed the 
concentration of stars brighter than qq = 15.5. These stars are saturated in the SDSS images, 
and more care is required to determine how well color separation works with the interpolated 
magnitudes of these stars. T his figure can be c ompa red with the 2 M ASS M giant star s in th e 
Sgr tidal tails of Figure 8 in iMajewski et al.l (120031 ) and Figure 2 of iNewberg et al.l (120031 ). 
The Aq axis is fiipped from previous papers, but matches the orientation of the stream in 
Figure [H 

There is a density peak in the left panel of Figure [2l centered at (A0, qq) = (240°, 16.7), 
which we initially thought was related to at least one of the previously discovered overden- 
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sities in Virgo. However, Figure [3] shows that this overdensity is on the wrong side of the 
Galaxy for it to be in Virgo. Figure [3] sphts the data from the left panel of Figure [2] into two 
pieces: the left panel of Figure [3] shows stars with 2'sgr,gc < and to the right shows that 
with 2'sGR,GC > 0. Since ^'sqr.gc is in approximately the same direction as the solar motion 
(Galactic Y), the left panel shows primarily stars in quadrants III and IV, and the right 
panel shows primarily stars in quadrants I and II. The overdensity at (A©, (^o) = (240°, 16.7) 
is in the right panel in Fig. [3l which contains primarily stars with 0° < / < 180°. The origin 
of this overdensity is still uncertain (but see Belokurov et al. 2007b). It could be a single 
debris structure or a superposition of separate streams. It is notable that several known 
globular clusters conspire to be in approximately the same position in this diagram; possibly 
there is debris associated with these globular clusters that is as yet unidentified. 

Note from Figures [2] and [3] that the trailing tidal tail shifts from positive Zsgr,gc to 
negative Zsgr,gc with increasing A©. In the left panel of Figure [3l one notes a low contrast 
faint extension of this tidal tail down to (A0, go) = (250°, 17.3). In the right panel of Figure 
|3] one sees the leading tidal tail at positive Zsgr,gc- This also decreases substantially in 
density as one proceeds along it to the left, and appears to be close to Zsgr,gc = so it 
is split between the left and right panels in Figure O In both the leading and trailing tidal 
tails, we see the pile-up of debris near apogalacticon. In this projection, since the Sagittarius 
dwarf galaxy is 14° below the Galactic plane, material falling down on us from close to the 
North Galactic Pole in this orbital plane would fall toward us at A© = 270° — 14° = 256°. 
Since the leading tidal tail arcs past this angle, it likely passes through the Galactic plane 
outside the solar circle. 



2.2. F turnoff Stars - Separating Sgr from S297+63-20.5 

Since there are many more F turnoff stars in any stellar population than there are BHB 
stars, these F stars are in principle better tracers of substructure. The disadvantages of using 
F turnoff stars is that they are 3 or 4 magnitudes fainter than the horizontal branch, and 
have a broader spread in absolute magnitude (so they are less accurate distance indicators). 
The Sagittarius dwarf galaxy and tidal stream have a particularly blue turnoff which makes 
them easy to separate from other Galactic populations. In this section we present data which 
follows the leading tidal tail from the Sagittarius dwarf galaxy and shows that it misses the 
position of the S297-I-63-20.5 overdensity and also passes over the position of the Sun before 
falling down on the Galactic plane outside the solar circle. We then present polar plots of F 
star density in the North Galactic Cap in the magnitude ranges 19 < go < 20, 20 < go < 21, 
and 21 < go < 22. The polar plots show that the Sagittarius leading tidal tail is fainter 



- 10 - 



and offset from the S297+63-20.5 overdensity, and also show the extent of the S297+63-20.5 
overdensity. 

Fig. m shows our detections of Sagittarius dwarf tidal debris from F turnoff stars in 
SDSS stripes 13 and 15-23, along with the previous det ections of Sgr debris fr om BHB stars 



(Figure 3 of Newberg et al. 2003) and 2MASS M giants flMaiewski et al.ll2003f ). The new Sgr 
debris positions were determined by selecting by eye the center of the highest density peak in 
a histogram of go versus angle along the SDSS stripe for blue F stars (0.0 < {g — r)Q < 0.3). 
These positions were then converted to (Xs gr,gc, Ysgr.gc , Z scRn g) , assuming Mg^ = 4.2. 



This absolute magnitude was determined in iNewberg et al.l (|2002| ) by comparison with the 



Sgr BHB stars, so the SDSS BHB star distances should be on the same scale as the SDSS F 
turnoff star distances, though there could be an overall scale error. Note that the Sagittarius 
M gia nts have systemat ically smaller heliocentric distances than either the A stars or the F 



stars (IChou et al.ll2006f ). 



The debris was identified as Sgr tidal debris because it was contiguous with the over- 
density in the adjacent stripe. There was some freedom in choosing the stream positions, as 
the profile of the overdensity was often asymmetric or bifurcated (Belokurov et al. 2006a). 
The larger open squares in Figure H] show the positions of the higher density tidal debris. If 
there was a second piece of tidal debris near the main Sgr leading tidal tail in any stripe, 
it is shown in Figure H] as a smaller open square. The positions of the Sgr F turnoff star 
detections are presented in Table 1. 

Fig. m clearly demonstrates that the leading tidal tail of the Sagittarius dwarf will 
pierce the Galactic plane outside the solar circle. This is in contrast to the 2MASS M 
star observations shown on the same figure. It is known that the stellar population in the 
tidal tails is more m etal poor and older than the stars in the core of the Sgr dwarf galaxy 



(iBellazini et al.ll2006l ). so it is reasonable to expect that the stellar populations would differ as 
a function of distance along the stream. However, one doesn't expect that stellar population 
differences would produce this much of a distance difference between estimates from F turnoff 
stars and M giants. Another possibility that should be considered is that the M giants near 
the end of the leading tidal tail are not all related to Sgr. 

Fig. Hlalso shows that although S297-I-63-20.5, indicated with a large cross, is close to 
the plane of the Sagittarius dwarf orbit, S297+63-20.5 is much closer to the Sun than the 
Sgr leading tidal debris. Any debris that is in the Sgr dwarf orbit is plausibly connected 
to this dwarf galaxy, but this significant overdensity in Virgo is not an extension of the Sgr 
leading tidal tail, and there is no obvious connection with Sgr. 



The distance discrepancy between S297+63-20.5 and the Sgr leading tidal tail is demon- 
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strated in another way by looking at polar plots of F star densities in the North Galactic 
Cap at different apparent magnitudes. We selected the stellar data from SDSS DR6 with 
0.2 < {g — r)o < 0.3 and {u — g)o > 0.4. The {g — r)o range was selected to be c enter ed on 



the turnoff color of S297+63-20.5, which is measured as 0.26 in iNewberg et al.l (120021 ). By 
excluding stars stars redder than (^f — r)o = 0.3, one avoids thick disk turnoff stars, even if 
they exist at these faint magnitudes. Fig. [5] (lower panel) shows F stars with 20 < 5^0 < 21; 
this magnitude range brackets the estimated apparent magnitude of the turnoff of S297+63- 
20.5. The figure includes photometric data from SDSS, as well as some extra photometric 
data obtained as part of the Sloan Extension for Galactic Understanding and Evolution 
(SEGUE), which consists of 2.5°- wide scans at constant Galactic longitude which appear as 
radial extensions to our sky coverage of the North Galactic Cap in this figure. 

The stars in Fig. O trace structure in the spheroid of the Milky Way at distances ~ 
14.5 — 23 kpc from the Sun. A larger density of F stars is represented by a darker shading 
in the equal-area polar plot, centered on the North Galactic cap. The Sagittarius leading 
arm is clearly visible running from (Z,6) = (205°, 25°) to (305°, 65°). More prominent is the 
S297-I-63-20.5 overdensity, centered near / = 300°, and hugging the lower edge of the data. 
Note that although there could be some overlap in the spatial positions of some of the stars, 
the denser portions of the Sgr stream are separate from S297-I-63-20.5. While most of the 
stars in the S297-I-63-20.5 are contained within an area of the sky 15° in diameter, the tails 
of the distribution could cover half of the North Galactic Cap. 

In order to show conclusively that the polar plot cuts through S297-I-63-20.5, we perform 
the mathematical equivalent of folding the data from the top half of the lower panel in Fig. [5] 
down over the line described by / = 0°, / = 180°, and subtracting it from the data on 
the bottom half. In other words, data between / = 0° and / = 180° is subtracted from 
the symmetrical point with the identical 6 at /' = 360° — / and the residual is binned and 
plotted. The result, displayed in the top panel in Fig. E], shows a localized structure near 
(/, 6) = (300°, 64°), which is at the same position as S297-I-63-20.5, within the errors of 
each measurement. This folding of the data should leave zero residual (except where there 
are streams or other halo substructure) if the spheroid is axisymmetric. If the spheroid is 
asymmetric, then more stars should have been subtracted over a wide area of the upper 
panel, but it is difficult to make a smooth spheroid density function that would include a 
strong peak like the one we see at / = 300°. 

To clarify the relationship between S297+63-20.5 and Sgr, we show in Fig. [6] the F star 
polar plots for stars selected with 19 < go < 20 and 21 < (70 < 22. The upper panel shows 
the brighter stars. There is still a clear excess of stars at / > 180° compared to the position 
in the sky that is sjTiimetric with respect to the Galactic center. For example, there are 
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many more stars at {l,b) = (285°, 60°) than there are at {l,b) = (75°, 60°). However, there 
is not a clear peak in the star counts. The asymmetry in star counts could either be an 
asymmetry in a smooth distribution of stars or a dispersed stream over a large area of sky. 

The lower panel is dominated by a more distant piece of the Sagittarius dwarf leadin g 



tidal tail, crossed at 6 ~ 50° with the much fainter Orphan Stream (IBelokurov et al.ll2007af ). 
There are excess stars near (/, b) = (300°, 60°), but they are confused with and overwhelmed 
by stars from the Sgr tidal tails at this magnitude. A connection between the Sgr tidal 
tail and S297+63-20.5 cannot be completely ruled out, but the bulk of the turnoff stars in 
the Sgr stream are at least a magnitude fainter [go ~ 21.5) th an the bulk of the turnoff of 



8297+ 63-20.5 {go ~ 20.5). Models of Sgr debris such as that of iLaw. Johnston, fc Majewski 



( 120051 ) show some debris stars near the position of S297+63-20.5, but not a strong peak of 
debris. Either the models do not adequately match the stellar debris, or S297+63-20.5 was 
not stripped from Sgr. 

The polar plots show in a compelling way that the Sgr leading tidal tail intersects 
neither the Sun nor the S297+63-20.5 overdensity in Virgo. The turnoff stars in the Sgr 
dwarf tidal stream are fainter than g^ = 21.0 near (/, b) = (297°, 63°) - they show up only in 
the faintest polar plot on the lower panel of Fig. [61 The Sgr leading tidal tail is also separated 
from S297+63-20.5 by about ten degrees in the sky (with significant overlap). As the leading 
tidal tail descends closer to the Sun we see the stream moving toward the anticenter (Fig. [5]). 
In other words, it passes over the Sun in the North Galactic Cap. Close to the anticenter, 
the Sgr stream is fainter than g^ = 21 (compare Fig. O with Fig. [Hlnear the anticenter). Near 
(/, b) = (205°, 30°) the Sgr stream is visible in all of the F turnoff star polar plots, but the 
star density is the greatest at this position for 20 < {g — r)o < 21. Since the the Str stream 
turnoff at / = 205° is at go = 20.5, its implied distance is 18 kpc from the Sun. The Sgr 
stream is therefore at least 15 kpc from the Solar position and well beyond the Solar Circle 
as it descends toward the Galactic plane. 



2.3. F Turnoff Stars - separating S297+63-20.5 from the Smooth Spheroid 

We have already remarked that S297+63-20.5 seems to extend over a large range of 
magnitudes and a significant fraction of the sky. We now study whether that large extent 
could be partially explained by an asymmetric (triaxial) smooth distribution of spheroid 
stars. 

Fig. [7| shows quantitative comparisons between the numbers of F turnoff stars as a 
function of magnitude near S297+63-20.5 and those at a symmetric position in the Milky 
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Way, with the same Galactic latitude but on the opposite side of the Galactic center. If 
the spheroid is axisymmetric, then one could find the number of stars in S297+63-20.5 
from the difference between the star counts at {I, b) = (297°, 63°) and the star counts at 
(/, 6) = (63°, 63°). In particular. Fig. [7] shows a comparison of star counts at two places 
in Virgo: {l,b) = (288°, 62°) (upper panel) and {l,b) = (300°, 55°) (lower panel), with the 
corresponding position on the sky on the other side of the Galactic center. 

These two positions were selected because they match the positions of SEGUE spec- 
troscopic fields in which we will analyze radial velocity kinematics later in this paper. Each 
sky area probed has a radius of 1.5°, which matches the footprint of a SEGUE spectroscopic 
plate. In addition, F stars are selected with a color range: 0.2 < {g — r)o < 0.4 to match 
the color range with the highest concentration of F stars in S297+63-20.5. This redder 
color range will include a significant number of thick disk stars at magnitudes brighter than 
qq = 18, but at fainter magnitudes there will be little contamination. Since the thick disk 
(unlike the halo), is axisymmetric, there should be no effect on the difference in bright star 
counts due to thick disk stars between the Virgo selected regions and the symmetric reference 
regions. 

Comparing the star counts at {l,b) = (288°, 62°), which is centered on the central knot 
of the VSS, with the star counts at (/, b) = (72°, 62°) in the upper panel of Fig. [71 one sees 
that the star counts start to diverge at about 18**^ magnitude in qq. By go = 20.5, there are 
not quite a factor of two more stars in the VSS field than in the comparison field. In the 
magnitude range 19.4 < qq < 20.0, there are 560 stars in the (/,6) = (288°, 62°) field and 
only 357 stars in the corresponding reference field at {l,b) = (72°, 62°). Of the stars in the 
VSS field, 36±6% are part of S297+63-20.5. In the magnitude range 20.0 < < 20.3, there 
are 369 stars in the VSS field and 206 stars in the reference field. Of the fainter stars in 
the VSS field, 44±7% are part of S297+63-20.5. This means that if one selected a random 
turnoff star in the VSS field at Qq = 20.5, there is nearly a 50% chance of it being a star 
from S297+63-20.5. 

The {I, b) = (300°, 55°) field in Virgo diverges from the reference field at (/, b) = (60°, 55°) 
at the even brighter magnitude of Qq = 17 (lower panel of Fig. [7]). About a quarter of the 
stars with 17 < qq < 19 are part of the S297+63-20.5 excess in Virgo. In the magnitude range 
19.4 < go < 20.0, there are 699 stars in the Virgo field, and only 440 in the reference field. 
Of the stars in the Virgo field, 37±5% are part of S297+63-20.5. In the magnitude range 
20.0 < go < 20.3, there are 453 stars in the Virgo field and 238 stars in the reference field. 
Of the fainter stars in the Virgo field, 47±6% are part of S297+63-20.5. At a magnitude of 
go = 20.5, more than half of the stars in the (300°, 55°) field should be part of the excess. 
If the excess population has a unique kinematic signature, as is expected for a stream or 
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satellite, it should be quite prominent in any sample of faint F turnoff stars. We will return 
to these fractions when we examine the kinematic distribution of selected F turnoff star 
spectra in these fields. 

The wide range of magnitudes and sky coverage makes the overdensity in Virgo difficult 
to rationalize with our expectations for tidal debris, even before we begin looking at the spec- 
troscopy results. We consider a non-axisymmetric spheroid model as a possible alternative 
explanation for the excess star counts in the Virgo region. 

To compare the observed star counts with those predicted by the best currently avail- 
able asymmetric naodel o f the spheroid, the Gala ctocentric triaxial Hernquist model of 



(INewberg &: Yannyl l2005l . l2006l : ISavage et al.l |2006| ) is chosen. In this model, the center 



of the spheroid distribution is fixed at 8.5 kpc from the Sun with an assumed absolute mag- 
nitude of blue F turnoff stars of Mg = 4.2. If the absolute magnitude is incorrect, then the 
overall scale of all l ength s an d distances in the rn odel will be off by the same factor. See 



Newberg fc Yannyl (120061 ) and ISavage et al.l (120061 ) for parameter definitions and values for 



the triaxial Hernquist model. The model was generated to fit SDSS F turnoff star counts 
with color 0.1 < {g — r)Q < 0.3, which is a bit bluer than the data at 0.2 < {g — r)o < 0.4. 
To account for this, the normalization of the model is adjusted upward by a factor of 1.5 so 
that it matches the star counts as well as possible. We cannot correct for the fact that the 
model does not include the thick disk stars at brighter magnitudes, so we will have to ignore 
the difference between the star counts and the model brighter than about g^ = 18. These 
triaxial spheroid model curves are plotted in Fig. |7| for comparison with the F turnoff star 
counts. 

The model is a reasonable fit to the data for 18 < go < 21. At brighter magnitudes 
the thick disk dominates, and at fainter magnitudes there are fewer stars than the model 
predicts. The discrepancy at faint magnitudes is probably due to a deficiency in the models, 
and possibly the lower completeness of the fainter stellar data. Note that if one compares 
the star counts at (Z, b) = (288°, 62°) and (/, b) = (300°, 55°) with the model, the star counts 
begin to diverge somewhere between go = 19 and go = 20. There is a much smaller excess 
in the number of stars at magnitudes brighter than g^ = 20. Even using the current best fit 
triaxial spheroid model, however, one cannot account for all of the excess stars, particularly 
those with magnitudes 20 < go < 21. 

In the next section the two possibilities for explaining the stellar count excess are ex- 
plored using additional information obtained from a sample of spectra from the same pop- 
ulation of stars. If the spheroid is axisymmetric, and the S297+63-20.5 structure is tidal 
debris, then 37±4% of the stars with 19.4 < go < 20.0 should have coherent velocities (i.e. 
show a small o" < 30 km s~^ dispersion), and 46±5% of the stars with 20.0 < go < 20.3 
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should have coherent velocities. If the spheriod is asymmetric, then the fraction of stars 
with coherent velocities is expected to be lower. With the best fit model presented, one 
estimates that at (/, b) = (288°, 62°), 64 of 560, or 11% of stars with 19.4 < < 20.0 should 
have coherent velocities, and 159 of 369, or 43% of stars with 20.0 < Qq < 20.4 should have 
coherent velocities. In the direction = (300°, 55°), 76 of 699, or 11% of the stars with 
19.4 < go< 20.0 should be coherent, and 127 of 453, or 28% of stars with 20.0 < go < 20.4 
should be coherent. The model numbers are an estimate, and will change somewhat as new 
non-axisymmetric spheroid models are developed. 



3. Substructure in Velocities of F Turnoff Stars 

Since S297+63-20.5 was discovered in F turnoff stars, and is prominent against the 
background of smooth spheroid stars in that population, one would like to measure the 
velocities of these same types of stars if possible. Since the overdensity is most noticeable in 
quite faint F turnoff stars (with 20.0 < Qq < 21.0), this is not an easy task. Essentially zero 
F turnoff stars in this magnitude range were observed in the primary SDSS galaxy survey. 

We are currently in the middle of SDSS II, which includes three survey projects, includ- 
ing the Sloan Extension for Galactic Understanding and Exploration (SEGUE). The SEGUE 
portion of SDSS II is designed to reveal velocity substructure in the Milky Way thick disk 
and spheroid through analysis of radial velocities and stellar properties from spectroscopy of 
~ 250, 000 Galactic stars. SEGUE spectra are identical to SDSS spectra, in that they are 
observed with the same instrument and processed with the same (evolving) software; the 
spectra cover 3700-9300 A with a resolution of ~ 2000. The difference is that SDSS targeted 
a very few Galactic stars, most of which are BHBs or bright F subdwarfs that were used as 
standard stars, while SEGUE targets Galactic stars exclusively. While the SDSS obtained 
galaxy spectra in all areas of the sky with imaging data, SEGUE samples the sky with a set 
of pencil beam spectral surveys in 200 target fields, spaced roughly 10 to 20 degrees apart 
over 3/4 of the sky. 



In the SEGUE survey, two 640 fiber plates of spectra (jStoughton et al.l l200ll ) are ob- 
tained in each target field. The brighter targets are put on one plate which is exposed about 
45 minutes. Stars fainter than about tq = 17.8 are assigned to the second plate, which is 
exposed for 1.5 to 2 hours. The faint plates reach about go = 20.5, which is just at the 
bright end of the S297+63-20.5 turnoff population. Targets for SEGUE spectroscopic fibers 
are chosen by color from the SDSS imaging data to represent a variety of stellar types at a 
variety of distances sampling the thick disk and spheroid of the Milky Way. 
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We have already obtained two pairs of SEGUE spectroscopic plates in directions that 
probe the S297+63-20.5 overdensity. These plate pairs are numbered 2689/2707 (bright /faint) 
at (/, b) = (300°, 55°) and 2558/2568 at (/, b) = (288°, 62°). The second plate pair is centered 
on the VSS RR Lyrae star overdensity. During DR6 spectro test processing of globular 
cluster calibration stars with known cataloged velocities, a universal offset of 7 km s~^ was 
noted in the wavelength solutions; this zero point correction was added to all SEGUE radial 
velocities used in this paper. 

Most of the faint stars of interest, with 0.1 < ((?— r)o < 0.4, are selected as "F subdwarf," 
"Blue Horizontal Branch," or "F/G" spectroscopic target types. The BHB category goes 
as red as {g — r)o < 0.2 and as faint as go < 20.5. These stars are randomly sampled to 
favor lower surface gravit y stars using a ph otometric measure of surface gravity for A-colored 



stars called the v-index (ILenz et al.l 119981 ) to estimate surface gravity. The F/G category 
randomly samples stars with tq < 20.2 and 0.2 < {g — r)o < 0.48. The faint subdwarf 
category favors F stars with low metalicity by favoring stars that are at the very bluest tip 
of the stellar locus in {u — g)o and (q — r)n, usin g a measure of position along the stellar 



locus in color space called PI (iHelmi et al.ll2003l ). The criteria for selecting each SEGUE 



category are complex, and include techniques for varying the likelihood of selecting a star 
for spectroscopy as a function of apparent magnitude, so that we select fewer of the more 
numerous, fainter stars. The broader goal is to sample all of the components of the Milky 
Way, so less common components are favored in the selection process. 

Fig. [8] shows the color magnitude diagram of the bluer SDSS stars within 1.5° of the 
center of the SEGUE plate pair 2689/2707, along with the colors and magnitudes of the stars 
with 0.1 < {g — r)o < 0.4 and 19.4 < g^ < 20.5 for which we have obtained SEGUE spectra 
with the two SEGUE plate pairs 2689/2707 and 2558/2568. This is the entire region from 
which the spectra in this paper are selected. The symbols show that the spectra are spread 
in color and magnitude, and do not follow the color distribution of the spheroid stars. We 
must select stars in narrow color and magnitude ranges that correspond to a component we 
intend to sample; we cannot rely on the fact that one component has many more stars to 
guarantee that it will dominate the sample. 

The stars that we expect to best sample the turnoff of S297+63-20.5 are those with 
0.2 < {g - r)o < 0.4 and 20 < 5-0 < 21. The SEGUE spectra only go as faint as go < 20.5, 
and most of the spectra have go < 20.3, so we sample only the brightest end of the magnitude 
range. The right panels of Fig. [9] show Vgsr for stars from SEGUE faint plates 2707 and 2568 
(available publicly with the release of SDSS DR7) that have the colors and magnitudes of 
S297+63-20.5 F turnoff stars, and radial velocity errors, as measured by cross-correlation 



with ELODIE standard templates (iMoulataka. et al.ll2004l ). of less than 20 km s ^ 
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In both plates, there is a clear excess of faint stars with positive radial velocities. In the 
combined panel (bottom right of Fig. [9]), there is a five sigma peak in the bin 112 < Vgsr < 
144kms~^. There are 30 stars with positive Vgsr and only 13 stars with negative Vgsr- If all 
of the excess stars are associated with S297+63-20.5, then 40±11% of the fainter F turnoff 
stars could be associated with a single tidal debris structure in Virgo. 

This fraction is consistent with estimates from photometry, whether or not the spheroid 
is symmetric. In the symmetric spheroid case, we expected 46 ± 5% of the excess stars with 
20.0 < go < 20.3 to be in the excess population. If the triaxial spheroid model is correct, the 
percentage in the excess population is about 35% for both plates combined. Our measured 
value of 40 ± 11% is consistent with either of these options. Therefore, from the faint 
{go > 20) spectroscopic and photometric data combined we conclude: the majority of the 
stars in the S297+63-20.5 overdensity are consistent with the presence of single substructure 
with a coherent velocity of 130 ± 10 km s^^ and relatively small dispersion, as we would 
expect for tidal debris. 

In the left panels of Fig. [HI we show Vgsr for the stars with 19.4 < go < 20.0. In these 
plots, there is no excess in the 122 < Vgsr < 144 km s~^ bin. One plate has more positive 
velocities, and the other has more negative velocities. In the combined panel (lower left of 
Fig. [9]), the only significant peak has —176 < Vgsr < — 144kms~^. Thus the brighter F stars, 
in the left panels of Fig. [9], have distinctly different kinematics than the fainter stars in the 
right panels of the same figure. Out of 72 brighter stars, a few at best are part of the moving 
group we identified in fainter stars. The symmetric spheroid assumption indicated that we 
should have found 37%, which is 27 stars, in a peak near 122 < Vgsr < 144 km s"^ The most 
we can imagine assigning to a peak are about seven stars from the plate at (/, 6) = (288°, 62°) 
that are around Vgsr = 200kms~^. The moving group is ten percent or less of the stars with 
19.4 < go < 20.0. This differs at the Aa level with our expectation of 27 stars present in a 
peak if the halo is axisymmetric. 

This measurement of brighter (19.4 < go < 20) star kinematics and photometry thus 
favors a triaxial spheroid. In the symmetric spheroid model (plus individual star stream 
peaks), we expected 37 ± 4% of the stars to be coherent in velocity, and we only found 11% 
at the most. The triaxial spheroid model predicted that 11% of the stars would be coherent 
in velocity, which is in good agreement with the observed fraction. 

There is one significant peak in the velocities of the brighter F turnoff stars, but it has 
a very negative Vgsr- We identify as a "peak" any bin with more than a 2.5a excess in the 
expected number of stars, where cr^ = y{l — y/n), y is the expected number of stars, and 
n is the total number of stars in the 100 square degree region. The limit for a bin to be 
identified as a peak is shown by the dotted curve in Figj9l In plate 2707, there are five stars 
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with —176 < Vgsr < —144km s ~^ where we would have expected only one, and three stars 
in plate 2568 where we would have expected only two. This amounts to an excess of about 
five stars in the summed histogram, lower left of Fig. O The mean velocity of this peak is 
-168 ± 10 km s-i. 



Since iNewberg et al.l (120021 ) measure a turnoff color for S297+63-20.5 of {g — r)o = 0.26, 
one would not expect many stars in this structure to have measured colors of 0.1 < {g — r)Q < 
0.2 in the SDSS. We show measurements of Vgsr for these bluer stars in Fig. [TDl In the fainter 
(20.0 < {g — t)o < 20.5) set of stars, there are maybe two excess stars in the bin one to 
the right of the moving group associated with the center of S297+63-20.5, but no significant 
velocity peaks are observed. 

In the left panels of Fig. [TDl we see two marginally significant peaks: one at nearly 
the same velocity as the Vgsr = 130 km s~^ peak in Fig. [TDl and one at in the bin with 
—80 < Vgsr < —48. We looked at the individual stars in positive velocity peak, and most of 
them are at the very faint and very red edges of the selection criteria. Possibly, they represent 
blue stragglers that are at the same distance but have brighter absolute magnitudes than 
the F turnoff stars in the moving group identified in the fainter panels of Fig. [Dl 

The peak with negative radial velocity is at —76 ± 10 kms^^, but note that there are 
more stars on the negative velocity side of this peak than on the positive side. If most of 
the brighter stars in this color range are associated either with the positive or the negative 
Vgsr peak, then the Gaussian distribution from the expected spheroid would be much lower 
and the center of the peak would move one bin to the left. The center of the peak is nearly 
between two bins. This peak is more pronounced in plate 2707 than in plate 2568. Once this 
peak is identified, one can see that it also present at some level in the fainter panels on the 
right of Fig. [TDl Since the stars in this peak are at about the same distance and line-of-sight 
velocity as stars which other authors have attributed to the Sgr dwarf leading tidal tail, they 
will be analyzed at greater length in the discussion section of this paper. 



4. Discussion 

4.1. Is S297+63-20.5 Related to the Sagittarius Dwarf Tidal Stream? 

There was a time when any significant clump of tidal debris in the spheroid was suspected 
of belonging to the one known example of present-day merging in our galaxy — the Sagittarius 
dwarf tidal stream. We now know there are many tidal debris streams, though the only 
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tidal tails of the Sagittarius dwarf spheroidal galaxy because either their locations and radial 
velocities are contiguous to those of other known pieces of Sagittarius debris or because their 
locations and velocities match those of models. 

In this paper, we have presented a strong argument that S297+63-20.5 is not part of the 
Sgr leading tidal tail because the turnoff stars in S297+63-20.5 are much brighter than those 
in the leading tidal tail debris in the same direction in the sky, and the stars in S297+63- 
20.5 have posit i ve while Sgr leading tidal debris would have negative Vgsr- Moreover, 



Newberg et al.l (120021 ) showed that the turnoff of S297+63-20.5 is redder than that of the 



Sgr tidal stream anywhere it has been detected in the sky. 



Although iMartinez-Delgado et al.l (120061 ) were able to generate a model that shows the 



leading tail of the Sagittarius stream going through the position of the S297+63-20.5, they 
did so at the cost of not fitting some of the more distant spatial detections of that same 
tidal tail. In this paper, (see §2), we locate additional pieces of what appears to be the 
leading tidal tail of Sagittarius in SDSS F turnoff stars, and show that it does not intersect 
the position of S297+63-20.5. 

Since the Sgr tidal debris may be bifurcated, lumpy, wrap multiple times around the 
Milky Way, and have different stellar populations in different places, it is difficult to prove 
that any spheroid substructure, especially one that happens to be in the Sgr orbital plane, 
is unrelated to this tidal disruption event. Since the S297+63-20.5 debris is outgoing in 
velocity, it is possibly related to the Sgr trailing tidal tail. However, no existing model shows 
a lump of material near S297+63-20.5. More extensive modeling and mapping of the Sgr 
tidal debris is required to determine definitively whether they are related to each other. 



4.2. Relationship between S297+63-20.5 and other Virgo Substructures 

What is much murkier is the relationship between S297+63-20.5 and the other substruc- 
tures that have been discovered in the Virgo region, and have been identified as overdensities 
in Virgo. These include the VSS (aka the "12*^.4 Clump"), and the VOD. 

The VSS is in the same general area of the sky as S297+63-20.5, and at a similar 
calculated distance. They both have positive Vgsr, though the VSS has a measured Vgsr of 
99.8 km s^^ compared to our measurement of 130 km s~^ for S297+63-20.5. It is possible 
that membership or measurement errors of a few stars in either the S297+63-20.5 sample 
or the VSS sample could explain the difference in measured velocity. The central knot of 
the VSS is also a bit offset (9°) from the center of S297+63-20.5. One wonders whether the 
clump of RR Lyrae stars that defines the VSS could be a substructure within S297+63-20.5, 
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such as a disrupted GC within a disrupted dwarf galaxy. Or, we may find as the number of 
known stars in the VSS grows, it might resemble the S297+63-20.5 structure more closely. 
Given the prevalence of velocity substructures in even the small amount of data analyzed 
here, it cannot be completely ruled out that the VSS and S297+63-20.5 might be chance 
superpositions. However, that possibility seems fairly unlikely since the velocities are quite 
similar. We expect that as more data is analyzed, the S297+62-20.5 overdensity will become 
known as the Virgo Stellar Stream (VSS). 

It is somewha t diffic ult to assess the relationship between S297+63-20.5 and the VOD. 



In the lJuric et al.l (120061 ) paper, their first step is to determine the distance to each star in 
the SDSS photometric database. All subsequent analyses are carried out with these spatial 
positions. The VOD has a distance of ~ 5 — 15 kpc, which is a little closer than our estimate 
of 18 kpc for S297+63-20.5, which is at a similar estimated distance as the VSS. However, 
our distance errors to S297+63-20.5 are large, and there is no guarantee it is the same as the 
VSS. In particular, there is no guarantee that our absolute magnitude estimate of Mg = 4.2, 
which was derived for Sgr tidal debris with similar colors, is appropriate for S297+63-20.5. 
The factor of 2 density excess for the VOD is similar to the density excess that we see in 
comparisons of the number of F turnoff stars near (/, b) = (300°, 60°) and (/, b) = (60°, 60°). 
Also supporting the identification of S297+63-20.5 with the VOD is the position in the sky 
and the large sky area covered. 

If there were two separate overdensities, one at 10 kpc and one at 18 kpc, we would 
expect to see a separate VOD structure in the top panel of Fig. El with an apparent magnitude 
around go = 19.2. All we see in that figure is a general asymmetry in the star counts - 
no detected peak density. This suggests th at either our technique of estimating distance 



gives different results from lJuric et al.l (120061 ) or that the turnoff of the VOD is redder than 
i9~''^)o = 0-3. Probably, they are the same overdensity measured with the same star catalog, 
but it is difficult to know for sure. What is needed is a representation of the VOD stars that 
allows us to identify which stars are members of the structure, such as a color magnitude 
diagram and a map of angular position on the sky. Then we would be able to check whether 
we are looking at the same stars in the same catalog or not. 



4.3. The Sgr Leading Tidal Tail and the Shape of the Milky Way 

Gravitational Potential 



The controversy regarding the oblateness of the Milky Way gravitational potential hinges 
on the radial velocity data for M giants in th e part of the leading tidal tai l that i s closest to 
the Sun, 240° < Aq < 260°. Figure 12 from llaw. Johnston, fc Maiewskil kooi ) shows the 
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model distances and velocities of Sagittarius debris for prolate, spherical, and oblate dark 
matter halos, along with data for 2MASS M stars. There are a large number of stars near 
Aq = 250° that have velocities of —150 < Vgsr < —50 km s~^ and distances from the Sun 
of about 15 kpc. It is precisely these stars that do not fit the published models, unless one 
assumes a very prolate dark matter halo (IHelmil |2004J ) . The stars with 200° < A© < 275° 
also have a larger velocity dispersion than Sgr debris stars at other places in the stream. 

The last column in Table 1 gives the position of the Sgr leading tidal tail in terms 
of Af;^; at Ap^ = 250 ° the distance to the Sgr stream is 36 kpc. M giant distances in 
Majewski et al.l (120031 ) are systematically 13% less than ours, as determined from a compar- 
ison o f M giant stars and A /F stream position of the leading tidal tail stars near apogalac- 
ticon (INewberg et al.ll2003l ). Applying this scale difference, the M giant stars at Aq = 250° 
should be at 31 kpc on the M g iant distance scale. There are very few stars in the 
Law. Johnston, fc Majewski! (120051 ) sample that are that far away. 



Fig. m shows where the discrepancy arises. If one looks directly up from the Sun in 
Fig. m following the direction of —Ysgr,gc, the Sgr F turnoff stars are estimated to be more 
than 30 kpc above the Galactic plane. In contrast, the M giant stars are scattered from 10 
kpc to 35 kpc in the same direction. The M giant stars are at about the same distance, and 
in about the same direction, as the S297+63-20.5 overdensity. 

In fact, we detect a radial velocity peak for F turnoff stars near S297-I-63-20.5 that has 
a velocity of Vgsr = ~76 km s~^, which is very similar to the M giant velocities. There is an 
excess of stars in the bin with —80 < Vgsr < — 48kms~^ in every histogram in Fig. [TOl There 
are 15 of these bluer F turnoff stars (0.1 < {g — t)o < 0.2) with 19.4 < qq < 20.5 where we 
expected to see less than seven. The excess in this bin is more than 3 sigma, and there are 
additional extra blue F turnoff stars with more negative Vgsr- 



There is also velocity peak in RR 



and direction. Figure 2 of iDuffau et a. 



i vrae s tars near the VSS, at about the same distance 
(120061) show s spec troscopy of 28 BHB and RR Lyrae 



stars from the QUEST survey. In the iDuffau et al.l (120061 ) paper, a very tight group of stars 
at 18.5-20 kpc from the Sun and within 10° of each other in the sky is identified. The mean 
velocity in the Galactic rest frame of these stars is 99.8 km s~^. Additional stars as close 
as 16 kpc and as distant as 24 kpc have similar enough radial velocities that they might be 
considered to be part of the same kinematic structure. 

The remaining stars are not consistent with a Gaussian distribution, and we note that 
there is a very significant peak in the lower panel of their Figure 2 th at is very near Vgsr ~ 



—75 km s ^. If one considers all of the radial velocities obtained by iDuffau et al.l (120061 ) . 
there are 12 stars in a peak at nearly 100 km s~^, nine stars in a peak at ~ —80 km s~^, and 
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7 stars with very large negative or positive radial velocities that are consistent with neither 
peak, nor with any existin g model of spheroid kinematics. There is insufficient information 
in the iDuffau et al.l (120061 ) paper to adequately analyze the nine stars with velocities toward 
the Sun, but they likely cover an area 20° on the sky or larger, and at least the distance 
range 14 < rsun < 20 kpc. These stars are ver y likely associated with our F turno ff star peak 
at VgsT = —76 km s~^ and with the stars that iLaw. Johnston, fc Majewskil (120051 ) assigns to 
the Sgr leading tidal tail. 



Figure 3 of Monaco et al.l (l2006l ) also show stars in the same part of the sky, A0 = 239°, 
and with similar velocities, Vgsr ~ —100 km s~^. Interestingly, they identify these stars as 
part of an ancient tidal debris stream that was stripped from Sgr > 2 Gyr ago. Although 
this presents a possible explanation, it does not explain why the dispersion of the stars 
appears so large in this portion of the sky, and is at odds with the general assumption 
that 2MASS giants favor younger , more recently stripped portions of the debris. Figure 
12 of iLaw. Johnston, fc Majewskil (120051 ) shows a subset of stars in this region that have a 
very narrow velocity dispersion and very nearly match the expected position of the ancient 
tidal debris if one assumes an oblate dark matter halo. One wonders whether a simpler 
explanation for the debris with Vgsr ~ —100 km s~^ might be the presence of a previously 
unidentified spheroid component. 

The fact that the stars in this infalling structure have a blue turnoff supports, but 
does not prove, the claim that they are part of the Sgr dwarf tidal stream. However, they 
appear to be closer than the main part of the tidal tail. Further investigation is required to 
determine whether they are part of the Sgr dwarf tidal debris, and whether they represent 
the population of stars they are being compared to in the tidal disruption models. 



4.4. The Shape of the Spheroid 

If we knew the spatial position of every spheroid star, or at least a representative sample 
of spheroid stars, we could use this information to construct a density model for this Milky 
Way component. But given that there are v ery large known overdensities in the spheroid. 



what would the parameters in this model be? iBell et al.l (120071 ) show that all smooth models 



are poor fits to the distribution of stars in the spheroid. 

We have chosen to model the spheroid as a set of significant overdensities that are 
coherent in position and velocity, plus a roughly smooth spheroid distribution. Overdensities 
include globular clusters, dwarf galaxies, and large chunks of associated debris from these 
objects. Thus, we are now in the process of identifying large, coherent debris structures so 
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that we can fit the remaining stars to a smooth spheroid model; and fitting smooth spheroid 
models so we can identify overdensities that might be large, coherent debris structures. 

There is no controversy over the asymmetry of the star c o unts in the stellar sphe roid stars 
in the North Galactic Cap jNewberg fc Yannvl boosl . bood : IXu. Deng fcHulbooeh. t hough 
there is a question of whether there is an asymmetry in the south (jXu. Deng fc Hul 120071 ). 
An important question is whether the asymmetry is due to a single large debris structure 
added to an otherwise axisymmetric distribution of stars. 

The data in this paper suggest that is not the case. The S297+63-20.5 is a very sig- 
nificant, coherent overdensity that contains about half the spheroid stars at qq = 20.5 and 
(/, 6) = (297°, 63°). However, we have shown that it is localized in magnitude and velocity, 
and does not explain the asymmetry at brighter magnitudes. 

It is possible that there is more than one structure, or maybe a set of structures, that 
conspire to make the North Galactic Cap appear asymmetric. It seems at least as likely 
that the spheroid itself is not symmetric about an axis through the center of the Milky 
Way and perpendicular to the Galactic plane. We have shown that our existing triaxial 
spheroid model is not perfect, but goes some way toward predicting the number of spheroid 
stars in the observations. We hope the model will improve as more large, coherent spheroid 
substructures are identified and as our fitting procedures evolve. 



5. Conclusions 

The Sgr leading tidal tail is traced through the North Galactic Cap over the Center of 
the Milky Way, over 8297+63-20.5, over the Sun, and at 6 = 30° it is heading toward the 
Galactic plane at a Galactic longitude of I = 205°. We expect that it pierces the Galactic 
plane well outside the solar circle. We question whether some of the M giant stars that have 
been compared to Sgr dwarf disruption models are at the right distance to be members of 
the Sgr dwarf leading tidal tail. The main part of the Sgr dwarf leading tidal tail is not 
spatially coincident with the S297+63-20.5 overdensity in Virgo. 

The stars in S297+63-20.5 have line-of-sight. Galactic standard of rest velocities Vgsr = 
130 ± 10 km s^^. The velocity dispersion is difficult to estimate because we do not know for 
sure which stars are part of the structure, but velocity dispersions of 10 kms^^ to 30 kms~^ 
are not unreasonable. Since the Sgr dwarf tidal tail would have negative velocities in this 
part of the sky, we determine that S297+63-20.5 is not associated with the leading tidal tail. 
Because the color of the turnoff, the density structure, and the Vgsr velocities do not match 
any known or expected Sgr debris, we suggest that it is instead part of a distinct merger 
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event. 

The Virgo Stellar Stream (VSS, Duffau et al. 2006) is at the same distance from the Sun 
as S297+63-20.5 and has a similar but not identical position in the sky and in Vg^r- It could 
be a the same as S297+63-20.5 or a structure within S297+63-20.5, but the relationship is 
not certain. 

The Virgo Overdensity (VOD, Juric et al. 2006) and S297+63-20.5 are in the same 
position in the sky and have a similar number of stars in excess of the smooth spheroid, but 
they are at a different distances from the Sun. Probably, there is a scale difference between 
our distance measurements and the VOD is the same as S297+63-20.5. 

We show that the number densities of F turnoff stars are not symmetric about the 
Galactic center at go ~ 19.5, and that this discrepancy is not due to S297+63-20.5. Either 
the spheroid is asymmetric about the Galactic center, or there are additional substructures 
that conspire to be on the same side of the Galaxy as S297+63-20.5. 

Finally, we note that in every figure showing the spatial and velocity distribution in 
the spheroid, there are hints of extra unidentified substructure. In particular, we note an 
unexplained overdensity of BHB stars at [AqjQq) = (240°, 16.7), and two additional moving 
groups near S297+63-20.5 with velocities Vgsr = — 168±10kms~^ and Vgsr = — 76±10kms"^. 
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Table 1. SDSS Stripes with Sgr Stream F turnoffs 
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Inclination of stripe relative to celestial equator, node is at 

a = 95°. 

O Inferred distance of stars from the Sun, assuming Mg(F) = 
+4.2. 

(=) Angle along an SDSS "Stripe" which navigates an inclined 
great circle on the sky with a pole at (a,<5) = (95°, 0°). 

''''Sagittarius plane azimuth 

Indicates a secondary peak in the stripe, tracing a different 
density ridge. 
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Fig. 1. — Spatial positions of BHB stars within 15 kpc of the Sgr dwarf orbital plane. Notice 
the arc of the leading tidal tail descending from 40 kpc above the Galactic plane and falling 
down on the solar position at Xsgr,GC = —8.5 kpc. The overdensity near the Sun appears 
unexpectedly wide compared to the width of the leading tidal tail at apogalacticon. Part of 
the trailing tidal tail can be seen at {Xsgr,gc, Ysgr,gc) = (— 80, —40) kpc. T h e Gal actic 



plane is at Ysgr,GC = 0; the Sgr orbital plane is as measured by iMaiewski et al.l (120031) and 



with the Galaxy-centered X, Y, Z convention as described in iNewberg et al.l (120031 ) . 



Fig. 2. — magnitude vs. Aq for BHB (left) and BS (right) stars within 15 kpc of the 
Sgr dwarf orbital plane. The A stars were separated into blue horizontal b ranch (BHB) 



and b lue straggler (BS) stars using the color separation defined by Fig. 10 of lYanny et al. 



( I2OOOI ). The Sgr leading and trailing tidal tails are marked as "Leading" and "Trailing," 
respectively. The leading tidal tail is evident in BHB stars from {Kq^qq) = (290°, 19.0) and 
sloping down toward the center of the diagram. If the leading tail came down on the Solar 
position from close to the North Galactic pole, it would come down at Aq = 256°, which is 
marked in the diagram. Note that it instead passes this angle, heading towards the Galactic 
anticenter. The Sgr leading tidal tail is also evident in BS stars two magnitudes fainter; a 
small fraction of these BS stars are observed leaking into the BHB sample on the left panel. 
The trailing tidal tail is evident from {AQ,go) = (185°, 20.3) and sloping down toward the 
center of the diagram. There is a very large falloff in the number of BHB's in the trailing 
tail at Aq = 195°. Stars brighter than about 15.5 magnitudes are saturated in the SDSS 
survey, and therefore have less accurate magnitudes. It is unclear whether the bright stars 
are BHB stars out to 10 kpc, or BS stars closer than 4 kpc. In the left panel, there is a 
density peak of unknown origin centered at (Aq, qq) = (240°, 16.7). BHB stars within 0.2° of 
the four globular clusters M53, NGC 5053, NGC 4147, and NGC 5466 were discarded before 
making this diagram, which reduced but did not remove this density peak. 

Fig. 3. — Separation of the BHB stars on each side of the Sagittarius orbital plane. We divide 
the BHB stars in the left panel of Fig. [2] along the plane of the Sagittarius dwarf orbit. The 
plane of the orbit of the dwarf is close to the Galactic {X, Z) plane, so most of the stars in the 
left panel have 180° < I < 360° and most of the stars in the right panel have 0° < / < 180°. 
Stars from four globular clusters have been removed from the plot. Note that the peak at 
(Aq, ^0) = (240°, 16.7) is not in the direction of S297+63-20.5, at (/, b) = (297°, 63°); it is on 
the wrong side of the Sgr orbital plane. The (Aq, qq) = (240°, 16.7) is low enough signal-to- 
noise that when we further subdivided the data into bins that were 5 kpc wide in Zsgr,gc it 
could not be discerned. Note also in this figure that the trailing Sgr stream is more evident 
in the right panel near apogalacticon (on the left edge) and then is more prominent in the 
left panel at brighter magnitudes. The trailing tidal tail is faint, but possibly extends as 
bright as 17**^ magnitude at Aq = 256°. 
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Fig. 4. — Position of S297+63-20.5 c ompared to other dete ctions of the Sagittarius tidal tails. 
We reproduce Figures 3 and 4 from iNewberg et al.l (120031 ) . which show the positions of the 
A-colored stars of the Sgr stream selected from eleven SDSS stripes (filled circles are leading 
tidal debris and open circles are t railin g tidal debris), and the positions of 2MASS M giants 
from Fig. 11 of iMajewski et al.l (120031 ) (one point for each star). The larger open squares 
show the positions of ten new detections of the leading Sgr tidal tail. The smaller open 
squares show the positions of other bits of tidal debris detected in the same SDSS stripes, 
which is possibly due to su perposition of young leading tidal debris and old trailing tidal 
debris ( iFellhauer et al.ll2006l ) . The smaller squares trace debris on the opposite side of the Sgr 
orbital plane. The cross shows the position of S297+63-20.5, at (/, b, R) = (297°, 63°, 18 kpc), 
where R is the distance from the Sun. Note that although the center of S297+63-20.5 appears 
to be in the plane of the Sgr leading tidal tail, the distance does not match previous detections 
of the leading tidal tail. 

Fig. 5. — F Star Polar Plot of the North Galactic Cap. The bottom panel shows stars with 
0.2 < {g — r)o < 0.3 and {u — g)o > 0.4 in the magnitude range 20.0 < go < 21.0. The 
North Galactic Pole is in the center of the plot, and the outer circle is at 6 = 30°. The 
distance between concentric circles of constant Galactic latitude was stretched to preserve 
solid angle per pixel. Darker areas of the diagram co ntain more F turnoff stars. All of the 
magnitudes were corrected using the reddening map of ISchlegel. Finkbeiner. fc David (119981 ) 
before selection. The dark areas at low latitude and toward the Galactic center represent 
the smooth portion of the Galactic spheroid. The dark line from (/, b) = (205°, 25°) to 
(/, b) = (255°, 70°) is the leading tail of the Sgr tidal stream, descending toward the Galactic 
plane as one moves to the left. The Sgr stream turnoff is fainter than (^o = 21 at the 
longitude of S297+63-20.5. A pair of square brackets encloses the primary area containing 
the S297+63-20.5 stellar excess. The top panel shows a subtraction of the pixels on the top 
half of the polar diagram, which does not contain any obvious tidal debris, from the lower 
half, with the assumption that the star counts are symmetric about / = 0°, 180°. One sees 
in the subtracted diagram that S297+63-20.5 peaks in this magnitude range near {I, b) = 
(300°, 60°); the density decreases for b < 64° as one moves down the ce nter "outrigger" 
(SEGU E) extension of photometric data at / = 300°. The Orphan Stream (IBelokurov et al. 
2007al ) is visible on the edge of the data at / = 255°. The tidal tails of the Pal 5 globular 
cluster (jOdenkirchen et al.ll2003l ) are near the edge of the data at Z = 0°. 



Fig. 6. — Brighter and fainter F Star Polar Plots. SDSS data is extracted as in Figure 
except we select closer (brighter, 19 < g^ < 20) F turnoff stars (upper panel) and more 
distant (fainter, 21 < go < 22) stars (lower panel). The Monoceros structure is apparent as 
a density enhancement toward the Galactic anti-center (165° < / < 225°) in the upper panel. 
The Sagittarius stream and the S297+63-20.5 structures are prominent in the lower panel. 
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as is Palomar 5 at Z = 0°, 6 = 45°. The brighter (top) panel shows stars approximately 9 to 
14.5 kpc from the Sun. We do not see evidence for a separate VOD at this distance. There 
is, however, a general asymmetry in the number of spheroid stars around the Galactic center 
at Z = 0. The fainter (bottom) panel shows stars approximately 23 to 36 kpc from the Sun. 
Since the Sgr stream at the anticenter is most prominent in Fig[5l it is between 14.5 and 23 
kpc from the Sun as it passes below a Galactic longitude of 6 = 30°. 

Fig. 7. — Magnitude distribution of F Turnoff Stars in Virgo. We show histograms of F star 
(0.2 < g — r < 0.4) counts in mirror image 1.5° radius fields centered on: (/, b) = (288°, 62°), 
upper panel, light line, the VSS field; (/, b) = (72°, 62°), heavy line: the mirror image Galactic 
field at /' = 360-/. In the lower panel: (/, b) = (300°, 55°), light line, the S297+63-20.5 field; 
and {l,b) = (60°, 55°), heavy line, its mirror image field. The strong asymmetry in number 
counts between the quadrant IV fields over their quadrant I mirror images is apparent at 
magnitudes 18.5 < go < 22.5 (8 kpc < d < 45 kpc). The matching curves indicate the 
predicted triaxial halo model counts associated with each pointing. Note that neither a 
triaxial model alone nor a single halo stream alone can match all the strongly asymmetric 
data (see text). 

Fig. 8. — Colors and magnitudes of SDSS F turnoff stars which have spectra in SEGUE. 
The smaller black dots show the colors and magnitudes of stellar objects in the part of the 
S297+63-20.5 structure observed with SEGUE plate 2707. The turnoff of S297+63-20.5 is 
visible in the enhanced density of field stars att^ — r~0.26 and g^ ~ 20.5. Larger symbols 
indicate stars with 0.1 < {g — r)o < 0.4 and 19.4 < go < 20.5 for which spectra were obtained 
in the same 1.5 degree radius field targeted with plates 2568 and 2707. The symbol type indi- 
cates the SEGUE target selection category: BHB, F sub-dwarf and F/G dwarf candidates are 
variously- sized filled circles; squares indicate low metalicity candidates, and crosses indicate 
cool white dwarf candidates. The targets selected for spectroscopy were heavily weighted 
toward low metalicity (generally bluer) candidates, and do not representatively sample the 
color distribution of all objects in the field (black dots) when g — tq < 0.2. 

Fig. 9. — Galactic standard of rest velocities of F stars near the center of S297+63-20.5. We 
selected from SEGUE plates 2707 and 2568 all 91 of the stars with 0.2 < (^ - r)o < 0.4 and 
19.4 < go < 20.5 that also had radial velocity errors of less than 20 km s~^. In the upper 
panels, stars from plate 2707 (/, b) = (300°, 55°) are subdivided into brighter (19.4 < go < 20, 
upper left), and fainter {go > 20) subsamples. The middle two panels show the same subsets 
for plate 2568 (/, 6) = (288°, 62°). The lower panels sum the two panels above them, for these 
two fields separated by ~ 9° degrees on the sky (2 — 3 kpc at the distances implied by these 
turnoff stars). In each panel, the solid line histogram represents a Gaussian distribution of 
halo stars centered on Vosr = with a = 120 km s~^. The Gaussians are normalized so that 
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the area under the curve equals the number of spectra in that panel minus the number of 
stars above the Gaussian in bins that have more than a 2.5o" excess. The dotted line shows 
the limits for a 2.5a excess in each bin. Any data peak above the dotted line represents a 
peak of greater than 2.5 a significance. There are two significant peaks apparent in the lower 
panels, one at Vgsr = — 168kms~^ for closer, brighter stars in the lower left panel, and a very 
prominent peak at Vgsr = 130kms~^ in the lower right panel (fainter stars) that is associated 
with the S297+63-20.5 structure at an implied distance of ~ 18 kpc from the sun. 

Fig. 10. — Galactic standard of rest velocities for F stars near the center of S297+63-20.5. 
115 stars were selected and displayed as in FiglHl except they are bluer, 0.1 < {g — r)o < 0.2. 
There are two significant peaks: one at Vgsr ~ 150 km s~^ in the left middle panel, and 
one at Vgsr = — 76 km s^^ in the upper left panel. They are both present in the sum of 
these two panels at the lower left. The outgoing (positive Vgsr) stars are possibly related 
to S297+63-20.5. The origin of the incoming stars, which are also present at some level in 
the lower right panel, is less clear, but these stars have similar velocities to the stars which 
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